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Echocardiographic assessment of severity of
aortic regurgitation

K. E. Gray' and D. W. Barritt
From the Cardiac Department, Bristol General Hospital, Guinea Street, Bristol

An echocardiographic study of left ventricular diameter was made in 27 patients with aortic regurgitation.
Comparison was made with a group of 2I nomal subjects and a group of 6 patients with large left ventricles
without valvar regurgitation. Total stroke volume, total left ventricular output, and ejection fraction were
derived by the method of cubing the left ventricular diameter to give approximate left ventricular volumes at
end-diastole and end-systole. The patients were assessed independently andplaced into three grades of severity.
The echocardiographic dimensions of patients with mild aortic regurgitation were not significantly different
from those of the normal subjects. With increasing severity of aortic regurgitation, there were increases in
group values for left ventricular diameter, total stroke volume, and total left ventricular output. The ejection
fraction was depressed below the normal range in only one patient with aortic regurgitation.

It is concluded that echocardiographic measurement of left ventricular dimensions is of value in assessing
the severity of aortic regurgitation.

In many patients it is difficult to assess accurately
the severity of aortic regurgitation by clinical and
non-invasive radiological methods. Cine-aorto-
graphy offers a method of classification of the
severity of regurgitation into one of three or four
grades (Cohn et al., I967), but this requires arterial
catheterization which limits how often the study
may be repeated. More detailed information may
be gained by quantitative angiography (Miller,
Kirklin, and Swan, I965), but this is also invasive
and the calculations involved are time consuming.

It has been demonstrated that the diameter of the
left ventricle and shortening of that diameter with
systole may be measured by echocardiography
(Feigenbaum, Zaky, and Nasser, I967; Chapelle
and Mensch, I969). An estimate of left ventricular
volume may be obtained by cubing this diameter,
and approximate values for stroke volume and
ejection fraction may be obtained from measure-
ments at end-diastole and end-systole (Pombo, Troy,
and Russell, I971; Gibson, I973; ten Cate et al.,
I974). When stroke volume is derived by this means
in patients with valvar regurgitation the total stroke
volume is estimated, being the sum of the forward
stroke volume and the regurgitant fraction. Popp
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and Harrison (I970) estimated the regurgitant frac-
tion in patients with mitral regurgitation and
patients with aortic regurgitation by subtracting
the forward stroke volume measured by the Fick
technique from the stroke volume measured by
echocardiography. Danford et al. (I973) estimated,
aortic regurgitant flow in I2 patients with mild or
moderate aortic regurgitation by subtracting the
mitral valve flow from the aortic valve flow, having
estimated the mitral valve flow from the opening
velocity of the anterior cusp.

In the present study the left ventricular diameter
was measured by echocardiography and the total
stroke volume estimated in patients with aortic
regurgitation of varying degrees of severity. The
results were compared with an independent assess-
ment of the severity by clinical and radiological
methods.

Patients and methods
Echocardiographic studies were made in three groups of
subjects.

I. Patients with aortic regurgitation
Technically satisfactory recordings were obtained in 27
patients. Patients with mitral regurgitation or dominant
aortic stenosis were excluded. Patients with left bundle-
branch block were excluded as this lesion may cause
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asymmetrical left ventricular contraction and may in-
validate estimates of stroke volume (McDonald, I973).
The 27 patients were all in sinus rhythm. Six of the
patients (Cases 8, I2, I5, I9, 20, and 23) had relatively
acute aortic regurgitation, having had subacute bacterial
endocarditis in the year before study. Among the 27
patients were 5 who, at some stage of their illness, had
had radiological evidence of pulmonary oedema, but in
only 2 patients (Cases i8 and I9) had raised jugular
venous pressure ever been noted and only in Case I9
was this raised at the time of the echocardiographic
examination. Both Cases i8 and I9 had relatively acute
aortic regurgitation caused by a leak of sudden onset
around the seat of a Starr valve. Six of the patients
(Cases I2, I5, 17, i8, I9, and 23) were referred for aortic
valve replacement shortly after the echocardiographic
examination. An echocardiographic study was attempted
in 4 other patients with aortic regurgitation but satis-
factory recordings were not obtained.

2. Normal subjects
Twenty-one healthy subjects, mainly medical students,
were studied as one control group. Their ages ranged
from 20 tO 29; i8 were men and 3 were women.

3. Patients with cardiomyopathy
Echocardiographic studies were made in 6 subjects who
had large left ventricles but no evidence of valvar re-
gurgitation, as a second control group. The diagnosis in
these subjects was congestive cardiomyopathy and all had
had evidence of left ventricular failure. Patients with
clinical or electrocardiographic evidence of coronary
artery disease were excluded as the left ventricles of
such patients may show asymmetrical contraction. Five
of these patients were in sinus rhythm and one was in
atrial fibrillation.

Subjects were studied supine or lying inclined to the
left and echocardiographic recordings were obtained
with an Ekoline 20 ultrasonoscopel using a 2.25 MHz
I.5 cm transducer, with a pulse repetition frequency of
Iooo/s. The transducer was positioned at the left sternal
edge and angled to identify the mitral valve echo and
then pointed more laterally and inferiorly until the left
side of the interventricular septum and the endocardium
of the posterior wall of the left ventricle could be clearly
identified. During the early part of the study recordings
were obtained on Polaroid film, but subsequently re-
cordings were made on direct print recording paper
using a Kent Cambridge fibre-optic strip chart recorder.2
The diastolic diameter (Dd) of the left ventricle was
measured at the time of inscription of the main peak of
the QRS complex of the electrocardiogram and the
systolic diameter (Ds) was taken as the minimum dia-
meter of the left ventricle following ventricular con-
traction (Fig. i). Total stroke volume was calculated
from (Dd3- DsO) and total left ventricular output as
(stroke volume x heart rate). Ejection fraction was

'Smith Kline Instrument Co. Ltd.
2Kent Cambridge Medical Ltd.

FIG. i Echocardiographic trace, recorded on Pola-
roid film, showing diastolic (Dd) and systolic (Ds)
diameters of the left ventricle.

calculated as (Dd3 DS3) Measurements were usually
made from recordings of 2 to 4 cardiac cycles, and when
measurements varied between cycles the mean was
taken. In the patient with atrial fibrillation the mean of 8
cycles was taken.

Reproducibility
In 22 subjects a second echocardiographic recording
was made at an interval of not less than 5 minutes after
the first recording, and both first and second recordings
were subsequently read 'blind', with no knowledge of
the identity of the subjects.

Independent assessment of severity of aortic
regurgitation
To provide a comparison with the echocardiographic
data, an assessment of the severity of aortic regurgita-
tion was made by one of us (D.W.B.) who had no know-
ledge of the echocardiographic findings. This assessment
was based on the clinical, radiographic, and electro-
cardiographic findings. Particular emphasis was placed
on the pulse pressure, cardiothoracic ratio on the chest
radiograph, and signs of left ventricular hypertrophy on
the electrocardiogram. Haemodynamic data from cardiac
catheterization and cine-aortographic studies were avail-
able in 13 of the 27 patients. From this information the
patients were placed in one of three grades of severity;
mild (grade I), 5 patients; moderate (grade II), 6
patients; severe (grade III), I6 patients. All 6 patients
who were subsequently referred for aortic valve replace-
ment were placed in grade III.

Postoperative study
Echocardiographic studies were made postoperatively in
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3 of the patients and in 2 additional subjects, one of
whom was originally excluded from the study because of
left bundle-branch block and, therefore, only his left
ventricular diastolic diameter was measured. The
second subject became available after the original series
was completed.

Statistical method
Statistical significances between group values were cal-
culated by analysis of the variance ratio.

Results
Left ventricular end-diastolic diameter
The range in the normal subjects was 4.2 to 5.8 cm
(Table I). In the patients with aortic regurgitation
the range was 4.0 tO 9.I cm (Table 2). Patients of
grade I severity (Fig. 2) had diameters within the
normal range. With grade II severity the range was
5.4 tO 7.1 cm and with grade III severity the range
was 5.7 tO 9.I cm. The 2 patients with severe re-
gurgitation and left ventricular diameters of 5.7 cm
and 5.9 cm both had relatively acute aortic re-
gurgitation caused by subacute bacterial endo-
carditis during the 2 months before study.
The differences between values for grade I and

grade II patients were significantly different at the
5 per cent level and between grade II and grade III
patients at the i per cent level.

Total stroke volume
The results for the three groups of subjects are dis-
played in Fig. 3. In the normal subjects the stroke
volume was 46 to I58 ml. None of the 6 patients
with cardiomyopathy and left ventricular failure
had a stroke volume above the normal range, but
the patients with aortic regurgitation had total
stroke volumes of 43 tO 465 ml. The range in
patients with grade I severity (Fig. 4) was 43 tO
I07 ml, grade II 89 to 229 ml, and grade III 141 tO
465 ml. The values for grade I were significantly
different from those of grade II at the 5 per cent
level and grade II differed significantly from grade
III at the i per cent level.

Aortic regurgitation
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FIG. 2 Left ventricular end-diastolic diameter in
the normal subjects and in the three grades of severity
of aortic regurgitation.

Total left ventricular output

The range in normal subjects was 3.I to 8.5 1/min.
In 4 of the 6 patients with cardiomyopathy (Table 3)
the left ventricular output was within the normal
range, while in 2 the values were raised to 8.9 1/min
and I2.6 1/min. The patients with aortic regurgita-
tion showed values for left ventricular output of
3.5 to 37.7 1/min. In grade I (Fig. 5) values were

TABLE I Summary of echocardiographic findings in 21 normal subjects

LV diastolic LV systolic Total stroke Heart rate Total LV Ejection fraction
diameter (cm) diameter (cm) volume (ml) (beats/min) output (I/min)

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range

4.9 4.2-5.8 3.3 2.7-4.1 86 46-i58 64 43-78 5-3 3.I-8.5 o.69 o.55-o.80

Normals I E m
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TABLE 2 Diagnoses and echocardiographic findings in patients with aortic regurgitation

Severity of Case Age (yr) Diagnosis LV diastolic LV systolic Total stroke Heart Total LV Ejection
aortic regur- No. and diam. (cm) diam. (cm) vol. (ml) rate output fraction
gitation sex (Ilmin)

I

Grade I 4

l1~
6

7
8

Grade II 9
IO
II

31 F
32 M
49 F
29 F

43 F

49 M

i6 M
36 M
39 M
I3 M
33 M

CHD, AR (AS)
RHD, AR
RHD, AR, MS
3 valve replace-

ment, AR
CHD, AR (AS)
Range
Mean

4.9
5.'
4-7

4.0
4.8
4.0-5.I
4.7

2.1
3.4
2.7

2.7
2.2
2.1-3.4
2.6

RHD, AR, (AS),
SBE 5.4 2.7

AR 5.5 3.I
RHD, AR, SBE 6.3 4.5
AR 7.1 5.0
CHD, AR 6.2 3.9
AR 4.7 2.3
Range 4.7-7.1 2.3-5.0
Mean 5.9 3.6

12 35 M RHD, AR, SBE
I3 42 M RHD, AR
14 60 M AR, dissecting

aneurysm
I5 44 M AR, SBE
i6 27 M CHD, AR, PS
17 57 F RHD, AR
i8 43 M Leak around

ao. Starr
valve

I9 31 F Leak around
ao. Starr
valve,
SBE

20 31 M AR, SBE
2I 50 M AR, Reiter's

syndrome
22 39 M AR, SBE
23 52 M RHD, AR, SBE
24 56 M AR, SBE
25 57 F AR, dissecting

aneurysm
26 6oM AR
27 47 M Luetic AR

Range
Mean

6.6 3.7 236 78 I8.3
8.3 6.8 249 55 I3.6

6.9 4.2 252 63 I6.0
5.9 3.3 I67 90 I5.0
7.9 5.9 303 124 37.7
7.2 5.2 230 73 I6.9

9. I 6.7 465 66 30.9 o.6I

6.5
6.7

7.6
7.7
5.7
7.I

6.4
7.7
7.8
5.7-9.1
7.2

3.9
4.8

5.4
4.4
3.6
5.0

4.2
5.7
6.o
3.3-6.8
4.9

220
I95

275
375
I4'
226

I8o
285
268
I4I-465
254

85
78
69
65
86
70

72
74
88
55-124
77

Significance (P value) of difference between the 3 grades
LV diastolic Stroke vol. LV output
diameter

Grade I cf grade II <0.05 <0.05 <0.05
Grade II cf grade III <0.01 <O.OI <0.02

Abbreviations: RHD, rheumatic heart disease; AR, aortic regurgitation; SBE, subacute bacterial endocarditis; CHD, con-

genital heart disease; AS, aortic stenosis; PS, pulmonary stenosis; MS, mitral stenosis.

107
99
85

43
104
43-107
88

'35
I37
I59
229
I75
89
89-229
I54

84
43
56

8I
96
43-96
72

68
96
75
65
76
62
62-96
74

9.0
4.3
4.8

3.5
10.0
3.5-IO0.
6.3

9.2
13.I
I1.9
I4.8
I3.3
5.5
5.5-I4.8

II.3

0.92
0.70
o.8i

o.68
0.95
o.68-o.95
0.81

o.87
0.82
o.64
o.64
0.74
o.87
o.64-o.87
0.76

Grade III

0.82
0.44

0.77
0.82
0.59
o.63

8.8
I5.3

19.1
24.4
I2.2
i5.8

13.0
21.2
23.5
I2.2-37.7
I9.5

0.79
o.64

o.63
0.82
0.75
o.65

0.70
o.6i
0.56
o.44-o.82
o.68
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FIG. 3 Total stroke volume, estimated by echo-
cardiography, in the three groups of subjects.

3.5 tO IO.O 1/min, in grade II 5.5 tO I4.8 1/min, and
in grade III I2.2 tO 37.7 I/min. Grade I differed
significantly from grade II at the 5 per cent level
and grade II from grade III at the 2 per cent level.

Ejection fraction
Fig. 6 shows the relation between left ventricular
end-diastolic diameter and derived total stroke
volume in the three groups of subjects. The line
joins theoretical points having an ejection fraction
of o.s. The patients with cardiomyopathy and left
ventricular failure had inappropriately large left
ventricles for stroke volumes within the normal
range. They were clearly separated from those
patients with aortic regurgitation who had a similar

FIG. 4 Total stroke volume in the nornnal subjects,
and in the three grades of severity of aortic regurgita-
tion.

left ventricular diameter but much larger stroke
volume. These relations between left ventricular
diameter and stroke volume are summarized in the
ejection fractions shown in Fig. 7.
The range of ejection fraction in the normal sub-

jects was 0.55 to o.80. In the patients with cardio-
myopathy and left ventricular failure the range was
0.10 tO 0.39. The patients with aortic regurgitation
showed a wider range of values than the normal sub-
jects but only one patient showed an ejection frac-
tion below the normal range. This patient (Case I3)

TABLE 3 Echocardiographic findings in patients with cardiomyopathy and left ventricular failure

Case No. Age (yr) and LV diastolic LV systolic Total stroke Heart rate Total LV Ejection
sex diameter (cm) diameter (cm) volume (ml) output fraction

I 5I M 7.2 6.3 II5 110 I2.6 0.3I
2 48 M 6.7 6.i 68 88 6.o 0.23
3 57M 7.4 6.6 117 76 8.9 0.29
4 49 M 6.3 5.7 67 97 6.5 0.27
5 20 M 6.6 6.4 29 103 3.0 0.10
6 57 M 6.8 5.8 126 57 7.I 0.39

Range 6.3-7.4 5.7-6.6 29-I26 76-I 0 3.0-I2.6 0.10-0-39
Mean 6.8 6.i 87 88 7.3 0.26

Echo.
stroke
vol.
(ml)

p <0.01

p<005

0

0

* gO

0

00

0~~~~~0
0O

*: 0

n =21 n=5 n=6 n=16
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with an ejection fraction of o.44 was a man of 42
with severe aortic regurgitation but very mild
breathlessness on exertion. At cardiac catheteriza-
tion two days previously he had shown a mild in-
crease in left ventricular end-diastolic pressure at
I4 mmHg (i.9 kPa) and his pulmonary wedge

Aortic regurgitation
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" I[ I pressure on exercise rose to 30 mmHg (4.0 kPa).
0 n=21 n=5 n=6 n=16 There were 6 other patients (Cases I2, I4, 15, I7,

22, and 23) who had had cardiac catheterization
Total left ventricular output in the normal within 4 weeks of the echocardiographic study and
id in the three grades of severity of aortic had shown left ventricular end-diastolic pressures or

ion. pulmonary wedge pressures raised at levels between
i8 and 50 mmHg (2.4 and 6.7 kPa) and none of
these patients had an ejection fraction depressed
below the normal range. None of the 6 patients who

0
,, were referred for aortic valve replacement shortly

* Normals (n :21) after the echocardiographic study showed a de-
o Aortic regurgitation In :27) pressed ejection fraction.
A,LV.F. (n=6)

Reproducibility study
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0
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00
0
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ing an ejection fraction of 0.5. branch block, the total stroke volume and total left
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TABLE 4 Pre- and postoperative findings in 5 patients with aortic regurgitation

Case LV diastolic LV systolic Total stroke Heart rate Total LV Ejection Interval
No. diameter (cm) diameter (cm) volume (ml) output (I/lmn) fraction between

operation and
postoperative
study

Pre-op. Post-op. Pre-op. Post-op. Pre-op. Post-op. Pre-op. Post-op. Pre-op. Post-op. Pre-op. Post-op.

I2 6.6 5-3 3.7 3.9 236 93 78 72 I8.3 6.7 0.82 o.6i 13 days
I5 5.9 4.9 3.3 2.9 I67 92 90 62 15.0 5.7 o.82 0.78 I0 weeks
I7 7.2 5.0 5.2 3.4 230 9I 73 77 i6.9 7.0 o.63 0.70 II weeks
28 8.o 4.9 5.1 3.7 378 69 62 77 23.6 5-3 0.74 0.57 5 weeks
29 6.o 5.2 4.5 3.6 (LBBB) 84 8I (LBBB) (LBBB) 6 weeks

LBBB, Left bundle-branch block.

ventricular output had also fallen to within the
normal range.

Discussion
In dominant aortic regurgitation, total stroke vol-
umes of up to 390 ml/min and left ventricular out-
puts of up to 28 I/min have been recorded by quanti-
tative angiography and stroke volumes of up to
4IO ml and left ventricular outputs of up to 36 I/min
by dye dilution methods (Miller et al., I965; Frank
et al., I966). Such greatly increased stroke volumes
can be obtained only by an increased diastolic
volume. Echocardiography by measuring left ven-
tricular diameter appears to be a particularly suit-
able method of assessing the increased diastolic
size.
The chest radiograph is probably a poor method

of accurately assessing left ventricular size in aortic
regurgitation. When compared with angiography the
chest radiograph has been shown to be a poor pre-
dictor of left ventricular size after myocardial in-
farction (Feild et al., I974). In our series of patients
with aortic regurgitation, left ventricular diameter
was significantly larger with increasing clinical
severity in the three grades into which the patients
were subdivided.
The single beam pulse echocardiographic tech-

nique used measures only one diameter of the left
ventricle and derivation of left ventricular volume
from the single measurement relies on the assump-
tion that the shape of the left ventricle is that of a
prolate ellipse. Derivation of stroke volume also
assumes symmetrical contraction. All the informa-
tion obtained regarding left ventricular dimensions
is contained in the values recorded from the left
ventricular diastolic diameter and systolic diameter,
and the only attraction of expressing these values as

volumes is to put the information in a familiar and
meaningful form, as a unit of contraction of dia-
meter in a large ventricle results in a greater volume
change than it does in a small ventricle. It has been
suggested that the cube formula for deriving left
ventricular volumes from the left ventricular dia-
meter exaggerates the volume in larger ventricles,
and Fortuin et al. (I97I) used a regression equation
instead of a cube formula to obtain left ventricular
volume. However, other workers have found that the
cube formula remains reasonably accurate over a
wide range of left ventricular size (Pombo et al.,
I971; ten Cate et al., I974). From the examination
of our data for patients with cardiomyopathy and
left ventricular failure, it appears likely that the
stroke volume and left ventricular outputs are
exaggerated in some of these patients though we
have no other measurement of output for compari-
son. However, there is a striking difference in stroke
volume between these patients and the patients with
aortic regurgitation who have left ventricles of
similar size. While accepting that the stroke volumes
and left ventricular outputs are approximate, they
do show significantly increased values with in-
creasing severity of aortic regurgitation in the three
groups. It is noteworthy that the 2 patients (Cases
I5 and 23) with severe regurgitation yet high normal
or modestly raised values for left ventricular end-
diastolic diameter, stroke volume, and total left ven-
tricular output, are the 2 patients with relatively acute
aortic regurgitation because of a recent subacute
bacterial endocarditis. It is likely that in such patients
the severity of the clinical picture is caused by the
high left ventricular end-diastolic pressure and left
atrial pressure which results from a relatively small
volume of blood regurgitating into a chamber which
is less compliant than that associated with long-
standing regurgitation. This raised left ventricular
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end-diastolic pressure does not imply myocardial
failure (Braunwald and Ross, I963).

Miller et al. (i965), Tyrrell et al. (I970), and
Chatterjee et al. (I97I) have shown that the ejection
fraction is frequently well maintained even in the
face of severe aortic regurgitation. Chatterjee et al.
reported that left ventricular end-diastolic pressure,
unlike ejection fraction, was a poor index of left
ventricular dysfunction. Only one of our patients
showed a depressed ejec-tion fraction, but, as indi-
cated above, there was a high proportion of patients
in the series who had relatively acute aortic regurgi-
tation in which the symptoms and haemodynamic
disturbance may not necessarily reflect myocardial
dysfunction.
Our assessment of the value of echocardiography

in aortic regurgitation has been limited to a correla-
tion with three grades of severity assessed by other
means. To define further the sensitivity of the
method, it would be necessary to compare echo-
cardiographic findings with a continuously variable
method of assessment of regurgitation such as
quantitative angiography.
Our small group of preoperative and postopera-

tive recordings showed that in all 5 patients the
left ventricular diameter was reduced to within the
normal range, and similar changes in stroke volume
and total left ventricular output occurred in those
patients in whom these parameters could be esti-
mated. These findings are in accordance with the
findings of Kennedy et al. (I968) who reported that
in dominant aortic regurgitation the left ventricular
end-diastolic volumes and left ventricular stroke
volumes decreased towards normal in the absence of
postoperative aortic regurgitation.

Conclusions
The main value of echocardiographic study of the
left ventricle in aortic regurgitation is that it offers
a more accurate measurement of left ventricular
chamber size in diastole than is possible from the
plain chest radiograph. This information is of value,
as in chronic and severe aortic regurgitation left
ventricular size must increase if forward output is
to be maintained. Further information may be
obtained from the degree of shortening of the left
ventricular diameter in systole and this may be
conveniently expressed as a volume and an ejection
fraction. By detecting a depressed ejection fraction
the method may be of diagnostic value in a patient
with aortic regurgitation and myocardial failure
caused by the regurgitation or some other factor. It
is possible that repeated studies in the long term
follow-up of patients with aortic regurgitation may
give early warning ofmyocardial failure by detecting

an ejection fraction which is falling while still re-
maining within the normal range.

We thank Dr. F. G. M. Ross and the staff of the De-
partment of Ultrasonics, for allowing us to use the
facilities of the department, and for criticism, and Dr.
J. Russell Rees and Dr. S. C. Jordan for permitting us
to study their patients.
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